Background: The emphasis on treating rheumatoid arthritis (RA) intensively reduces disease activity but its impact in routine care is uncertain. We evaluated temporal changes in disease activities and outcomes in a 10-year prospective observational cohort study of patients in routine care at one unit.
Background
In recent years the management of rheumatoid arthritis (RA) has been transformed. Methotrexate is used earlier, access to biologics has increased, and effective combinations of conventional disease modifying anti-rheumatic drugs (DMARDs) have been identified. National and international guidelines highlight the value of using these approaches in early, intensive and effective treatment [1] [2] [3] [4] . The treat to target initiative has provided additional support [5, 6] . The overall impact of these innovations on patient outcomes in routine care settings remains uncertain.
Over 30 years ago, Silman and colleagues [7] suggested RA severity was declining. Many groups subsequently reported temporal improvements in RA. Some focussed on disease activity in early RA [8] [9] [10] [11] [12] ; others concentrated on disease activity in established RA [13] [14] [15] [16] [17] . A few assessed erosive damage [18, 19] and joint replacement surgery [20, 21] . All studies provide some evidence of temporal improvements in RA outcomes. Such improvements could reflect treatment innovations and implementation of guidelines recommendations. Other potential influences include earlier referral resulting in more patients receiving effective therapy during the initial "window of opportunity" [22] , changes in the clinical phenotype of RA [23] and changes in the relationship of RA to comorbid conditions [24] .
More information is needed on the benefits of implementing intensive treatment strategies in routine clinics and the potential for further improvements. We examined both questions in a single-centre prospective observational study which recorded changes in disease activity, disability and health related quality of life (HRQoL) in patients managed intensively between 2005 and 2015.
Methods

Patients
Patients attending the Guy's and St Thomas' NHS Trust RA Centre formed a prospective longitudinal observational cohort study [25] . The majority of RA patients managed at this hospital were included. All patients had clinical diagnoses of RA made by experienced rheumatologists. They were seen regularly for routine care and each visit involved a clinical review and assessment of key clinical outcomes. Management followed the treat to target approach with an aim of reaching DAS28 remission defined as DAS28 < 2.6 [5, 25] . The patients were analysed in two ways: firstly, all patients in whom data was available; secondly, patients who were followed for three years or more. Details were collected about age, disease duration, sex and ethnicity.
Treatments
Patients received treatment with DMARDs and biologics in line with existing English guidance about these treatments using a goal-directed strategy [26] . They received intensive DMARDs, often given in combination, and also had biologics when they met the existing guidelines from the National Institute for Health and Care Excellence (NICE). These English guidelines have changed over time and the approach taken reflected the guidance existing at the time treatment decisions were made and guidance from EULAR about treat to target [5, 27] .
Outcomes
The disease activity score 28 (DAS28), incorporating swollen and tender joint counts, patient's global assessments, and erythrocyte sedimentation rates (ESR) evaluated patients' current status [28] , and was used to guide treatment decisions. The Heath Assessment Questionnaire (HAQ) measured disability [29] . The EuroQol 5-dimension scale (EQ5D-3 L) measures health-related quality of life [30] ; it can be used to estimate health utility and has been widely used in RA. Flares were also assessed as changes between DAS28 assessments in which there was an increase in score of 0.60 or more [31] .
Data collection
Data were captured in the electronic healthcare records for inflammatory arthritis patients attending outpatient clinics at Guy's and St Thomas' Hospital NHS Foundation Trust (GSST). These records are within the Trust's Electronic Patient Records system which provides laboratory results and patient demographics. Clinical data on a patient's treatment, disease activity, disability level, and health-related quality of life (HRQoL) were routinely captured at their clinic appointment and were used for patients' routine care.
Analyses
Data management and analyses used Stata (version 14.0, StataCorp, College Station, TX). Descriptive analyses used numbers of patients and percentages and mean scores with standard deviations or 95% confidence intervals (CI). We used mixed models to examine the changes in DAS28 and its components over time. We also used trend analysis to take into account repeated measures from the same patient. Subgroups were compared by Chi-Squared analyses or by one-way analysis of variance.
Ethics approval
Ethics approval for analysis of this routine clinical data was obtained from the Health Research Authority (IRAS project ID: 209418).
Results
Patients studied All patients
Between 2005 and 2015 1693 RA patients were entered into the database. Most were female (1262, 75%) and Caucasian (1134, 67%). Their mean age was 55 years and mean disease duration was 11 years. The median time between assessments was 3 (IQR: 2-6) months and the mean was 5.3 (SD 6.6) months. Details of the patients are shown in Table 1 . Numbers of patients with data in each calendar year are shown in Additional file 1: Table  S1 . Out of the total sample 337/1693 (19%) had at least one missing DAS28 during follow up. Similar proportions of HAQ and EQ5D data were missing (22 and 20% respectively).
Patients followed over three or more years
Seven hundred fifty-two patients were seen at least annually over three years or more. Their baseline features were similar to those of the overall group (Table 1) . The median time between assessments was 3.5 (IQR 1-5) months and mean was 5.0 (SD: 5.5) months.
Changes in DAS28
All patients There were 10,773 measures of DAS28 in the 1693 patients. DAS28 scores fell when assessed as mean changes by calendar years (Fig. 1) . The mean DAS28 scores fell by 11% from 4.08 (95% CI: 3.91, 4. 
Patients followed over three or more years
There were 4345 annual measures of DAS28 in the 752 patients with at least three annual clinic visits. Their mean DAS28 scores showed similar falls over time (Fig. 1) . The mean DAS28 scores fell 12% from 3.95 (95% CI 3.73, 4.17) to 3.48 (95% CI 3.22, 3.74). Trend analysis, which takes into account repeated measures, showed similar changes (Additional file 2: Table S2 ). The number of patients in remission also increased (20% in 2005; 29% in 2015) and the number with active disease decreased (21% in 2005; 14% in 2015).
Changes in DAS28 components
All patients
Changes in the components of DAS28 showed varied patterns of change over time in all patients (Fig. 2) . Swollen joint counts fell by 32% from 3.1 (95% CI 2.7, 3.5) in 2005 to 2.1 (95% CI 1.7, 2.5) in 2015. The ESR showed similar 
Patients followed over three or more years
These patients showed a similar pattern of change (results not shown). Swollen joint counts fell by 49%, ESR by 25% and tender joint counts by 17%; but patient global increased by 8%.
Remission status in patients followed over three or more years Disease activity groups and remission status
Based on the presence of remission the patients were subdivided into 3 sub-groups: 68 (9%) were always in remission, 376 (50%) had one or more episodes of remission without being sustained, and 308 never achieved remission. There were substantial differences between these groups (Table 2 ). In addition 16% had sustained low disease activity or remission and 58% had point low disease activity or remission at one or more time-points without being sustained. In the relatively small group of 68 patients always in remission, there were fewer females (50%), more patients with Caucasian ethnicity (85%) and shorter mean initial disease duration (5 years). The other two groups had similar numbers of females (80%) and similar initial disease durations (10 and 12 years). Patients with intermittent remission included more patients with Caucasian ethnicity (76%) and fewer with Black African/Caribbean Ethnicity (10%) than those without remission (63 and 20% respectively).
By definition overall mean DAS28 scores were lowest in those patients who were always in remission and highest in patients with no remission. Flares (increase in DAS28 ≥ 0.6 between consecutive assessments) occurred in 40% of patients always in remission and 71 and 63% of the other patient groups. Overall mean EQ5D-3 L scores were highest (better) in patients always in remission and lowest in patients with no remission.
Patients who never achieved remission included 14 patients who always had high disease activity (DAS28 > 5.1). All 14 patients were females with longer initial disease durations (17 years); only 8 (57%) had Caucasian ethnicity. They had very low overall mean EQ5D-3 L scores (0.07).
Changes in DAS28 scores and remission status
The 3 subgroups showed differences in DAS28 scores from 2005 to 2015 (Fig. 3 ). There were no temporal changes in patients always in remission and patients who never had remission. By contrast in patients with one or more remissions, DAS28 scores fell by 25% from 3.75 (95% CI 3.46, 4.03) to 2.80 (95% CI 2.54, 3.07).
Changes in treatment and remission status
The use of DMARD monotherapies, combination DMARDs and biologics changed over time (Fig. 4) . Initially 55% of patients were taking DMARD monotherapies and 19% biologics. DMARD monotherapy fell progressively, with increasing use of biologic therapies; by 2015 this had changed to 35% of patients taking DMARD monotherapies and 42% biologics. Similar changes in biologics use were seen in patients followed over three or more years (Additional file 3: Table S3 ).
Patients always in remission received fewer DMARD monotherapies and biologics compared to patients with some or no remissions. There was strong evidence of increasing intensity of care in line with the intensive treatment strategy; in particular patients with initial moderate disease had increased biologic use rising from under one quarter in 2005 to over one half by 2015 irrespective of remission status (Additional file 4: Figure S2 ).
Disability and remission status
Overall mean HAQ scores were lowest in the patients always in remission. 85% of these patients had HAQ scores below 0.50 on one or more occasions. Overall mean HAQ scores were highest in patients with no remissions and only 18% had HAQ scores below 0.50 on one or more occasions.
In all three subgroups there was a relationship between low HAQ scores and low patient global scores (Fig. 5 ). This analysis shows that irrespective of remission status, those patients who had overall mean patient global scores under 30 were significantly more likely to have HAQ scores below 0.5, regardless of their remission status. This difference was significant in all three subgroups (Chi Squared analyses showed that in patients always in remission the significance level of the difference was 0.013; in both other groups it was < 0.001).
Finally in the subgroup with some remission, 62/110 (56%) who had no flares (increase in DAS28 ≥ 0.60) had one or more HAQ scores < 0.5 compared with 118/266 (44%) of patients who had one or more flares. This difference was significant (Chi-Squared with continuity correction 4.02; DF 1; p = 0.034). Flares were unrelated to low HAQ scores in the other remission groups.
Impact of flares
Patients who had more flares had overall higher mean HAQ scores and higher end-point HAQ scores (Table 3) .
When patients who were always in remission were excluded, the end-point HAQ remained significantly different between remission groups (P = 0.043 on one way analysis of variance) but the overall mean HAQ was no longer significantly different.
Impact of disease duration
Dividing patients followed for three years or more into those with disease durations of less than 5 years and those with more than 5 years showed no evidence that DAS28 scores were different over time between them (Additional file 5: Figure S1 ) However, there two differences between them (a) sustained remission was more frequently seen in patients with less than 5 years duration (12% versus 3%; Chi-squared 
Discussion
Our long-term real world observational study shows both the potential benefits and limitations of a goal directed, intensive treatment strategy for patients with established RA. A preliminary cross sectional analysis of goal directed therapy in these patients compared to a matched group receiving less intensive approaches has previously established the benefit of this approach [25] .
During the decade of follow-up reported here, treatment intensities increased, mean disease activity fell and there were more remissions. Patients who achieved one or more remissions had lower levels of disability and higher health related quality of life. However, not all patients responded to intensive treatment and a small minority had persistently active disease with high disability levels and low health related quality of life.
The presence of intermittent and persistent remissions had a substantial relationship with both treatment and disease outcomes. Patients with remissions were more likely to be male and Caucasian with shorter disease duration, which reflects previous experience predicting RA outcomes [32] [33] [34] . There were also differences in treatment intensity with patients in persisting remission having less intensive treatment and, in particular, fewer biologics. It is possible patients in sustained remission had any biologic treatment tapered and stopped.
Reduced DAS28 scores over time were only seen in those patients who had intermittent remission. In addition, we found strong relationships between disease activity, disability and health related quality of life. Patients with persistent remissions had the lowest HAQ and highest (best) EQ5D scores and patients who never had a remission had the highest HAQ and lowest EQ5D scores. An extensive body of clinical evidence from observational studies has previously highlighted these relationships, including reports from Alemo et al. [35] and Radner et al. [36, 37] . There is also evidence that with conventional non-intensive treatment, disability increased with disease duration and over time relationships between disease activity and disability change [38] . These findings highlight the importance for patients of controlling active disease. Overall in our patients DAS28 remission frequencies increased from an average of 18% in 2005 to 27% in 2015 in our patients. These remission rates are similar to those [40] . The DAS28 remission rates were relatively static in a long-term extension study [41] .
The decreases in disease activity we observed over time reflect the previous evidence that RA is becoming less severe over time [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Interestingly we found that some aspects of disease activity, in particular swollen joint counts and the ESR, improved more than others, in particular patient's global assessments. We also noted patient global assessments were most closely associated with disability scores, reflecting our previous findings in clinical trials [42] . This is of potential clinical importance as it implies need for treatment of aspects of RA beyond inflammatory synovitis to reduce patient global assessments and improve disability in all patient groups. Long-term assessments from the BARFOT study have shown that whilst disease activity has declined over time, disability and pain have not [43] . One explanation for this finding is that some features of RA are not directly driven by synovial inflammation; and may represent "fibromyalgic RA" [44] . Such patients have more pain [45] , often fail to achieve remission when treated intensively [46] and have less evidence of active synovitis [47] . It is possible that other drug treatments or non-drug treatments such as psychological support [48] or exercise [49] may be beneficial in these patients. The implication is that intensive drug treatment alone is not sufficient and the use of other approaches to manage established RA needs to be extended. It is also possible there is a lower level of DAS28 which can be achieved by current drug treatments as international comparisons in the QUEST-RA study found no country achieved mean DAS28 scores below 3.0 [50] . In addition the timing of NICE and other guidance may have influenced clinical practice, though we have not found any definite evidence to support this contention. The main strength of our study is that it presents findings from a single centre in which clinical staff followed an agreed management approach for RA based on goal-directed, intensive management approaches and used standardised clinical assessments. It also has several limitations. The principal weakness, inherent in all observational studies, is that we recruited consecutive patients irrespective of their disease severity or activity. It is therefore difficult to be certain how much secular trends in the severity of RA have contributed towards our findings, though recent analysis of early RA patients from England since 1990 does not suggest this has occurred to any great extent [24] . A second limitation is that patients were seen as required rather than in any standardised manner, reflecting current clinical practice. As patients with active disease are likely to be seen more frequently than patients in remission, this approach may over-estimate the relative frequency of active disease, particularly in the final years of the study. A third limitation is that patients were not followed-up if they left the clinic, which is in line with routine clinical practice. Consequently we cannot exclude impacts from censoring or informativeness of the follow-up process. A fourth limitation is that our treatments with biologics were influenced by NICE criteria; greater use of biologics might have improved outcomes even more. A fifth limitation is the definition of flares; other definitions were all developed some time after our study started and are difficult to apply retrospectively. A sixth limitation is that many patients did not remain under follow-up for over three years. The reasons for this are likely to be complex; death is one factor; London has a highly mobile population and patients frequently move within London or outside the capital; RA patients often have comorbid diseases and these can result in their moving to other hospitals for their care; and patients may stop attending specialist units, with historical studies suggest nearly half of RA patients may not be under specialist care receiving DMARDs during the course of their disease [51, 52] Finally, our cohort predominantly included patients with established disease rather than new referrals with early RA. Whilst this most closely reflects routine practice, it means caution must be used when comparing our findings with those from inception cohorts of early RA patients, which will include patients with mild disease who may not require follow up in specialist clinics.
Conclusions
We conclude intensive management regimens have been associated with progressive improvement in disease activity and more remissions over the last 10-15 years. When patients achieve intermittent or sustained remission their function and quality of life improve. Our treat-to-target, goal-directed therapy strategy, using DAS28 as the measure, was used as a guide to medical therapy, with reductions in swollen joint count and ESR. Although we did not assess longitudinal radiographs in our population, it is likely that improvement in these disease attributes, also noted in other populations, most likely accounts for the substantial reduction in radiographic progression now seen in people with RA [53] . This is a significant achievement, as progressive joint damage was previously common in RA. However, tender joint counts and patient global assessments have improved less and may need alternative or additional treatment approaches. A minority of patients have continued high disease activity with substantial disability and reduced quality of life. Individualised
